compound (2) (4.0 g, 0.01 mmol) was reduced in a stirred refluxing solution tin(II) chloride dihydrate (15 g, 0.65 mol) in concentrated hydrochloric acid (50 cm 3 ). After 7 h, the reaction mixture was cooled and the precipitate was filtered off. A solution of sodium hydroxide (5 M, 200 cm 3 ) was added to the filtrate and extracted with CH2Cl2 (3 × 250 cm 3 ). The organic layer was washed with water (2 × 200 cm 3 ), dried with sodium sulfate and evaporated. The residue was crystallized from ethanol to give diamine (3) as a white cream crystal in 54% yield (6 g ): mp = 50 -52˚C. 9, 15, 5, 13, [15.3.1] henicosa-1 (21) , 17,19-triene-2,16-dione (4) .
9-t-
A solution of diamine (3) (2 mmol) in dry CH2Cl2 (50 cm 3 ) was added quickly to a vigorously stirring solution of 2,6-pyridinedicarboxylic acid dichloride (2 mmol) in dry CH2Cl2 (50 cm 3 ) at room temperature. The reaction mixture was stirred for further 20 min, and was then washed with bicarbonate solution (2 × 50 cm 3 ) and water (2 × 50 cm 3 ). The organic layer was dried over magnesium sulfate and the solvent was evaporated to give white cream crystals; yield 73%; mp = 177 -179˚C; IR (KBr, cm - 
Electrode preparation
The general procedure used to prepare the PVC membrane was to thoroughly mix 35 mg of powdered PVC, 50 mg of plasticizer BA, 5 mg of oleic acid and 2 mg of sodium tetraphenylborate in 5 cm 3 of THF. To this solution was added 8 mg of L and the solution was mixed well. The solvent was slowly evaporated until an oily concentrated mixture was obtained. A Pyrex tube (8 -10 mm o.d.) [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] was dipped into the mixture for about 10 s so that a nontransparent membrane of about 0.3 mm thickness was formed. The tube was then pulled out from the mixture and kept at room temperature for about 1 h. The tube was then filled with an internal filling solution (1.0 × 10 -3 M CoCl2). The electrode was finally conditioned for 24 h by soaking in a 1.0 × 10 -2 M solution of cobalt chloride. A silver/silver chloride coated wire was used as an internal reference electrode.
The ratio of various ingredients, concentrations of equilibrating solution and time of contact were optimized to provide membranes that result in reproducible, noiseless and stable potentials.
Electromotive force measurements
All emf measurements were carried out with the following assembly:
Ag-AgCl/internal solution (1.0 × 10 -3 M CoCl2)/PVC membrane/test solution/Hg2Cl2, KCl (satd.)
A Corning ion analyzer 250 pH/mV meter was used for potential measurements at 25.0 ± 0.1˚C. The emf observations were made relative to a double-junction saturated calomel electrode (SCE, Philips) with the outer chamber filled with an ammonium nitrate solution. The activities were calculated according to the Debye-Hückel procedure.
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Results and Discussion
The existence of four nitrogens and two oxygen atoms in the structure of ligand as well as its sufficiently high rigidity and lipophilicity was expected to increase both the selectivity and stability of its transition and heavy-metal ion complexes over alkali and alkaline earth cations. 9, 11 Thus, in order to check the stability of the macrocyclic diamide L as an ion carrier, in preliminary experiments, it was used to prepare PVC membrane ion-selective electrode for a wide variety of metal ions including alkali, alkaline earth, transition and heavy metal ions. The potential responses of various ion-selective electrodes based on L are shown in Fig. 1 . As is quite obvious, except for the Co 2+ ion-selective electrode, in all other cases the slope of the corresponding potential-pM plots is much lower than the excepted Nernstian slopes of 59 and 29.5 mV per decade for univalent and bivalent cations, respectively. Figure 1 effects of the membrane composition, nature and amount of plasticizer, amount of oleic acid and sodium tetraphenylborate as efficient lipophilic additives on the potential response of the Co 2+ ion-selective electrode were investigated. The results are summarized in Table 1 . As can be seen from Table 1 , among the two different plasticizers used, benzyl acetate resulted in the best sensivity. Table 1 also shows that with the increasing the amount of ionophore, up to a value of 8%, the sensitivity is increased, although the slope of emf vs. log concentration plot is at the most one-half of the expected Nernstian value. However, the additon of OA (Nos. 14 -16) or STB (Nos. 9 -11) will increase the sensitivity of the electrode response considerably. It is well known that the presence of lipophilic anions in cationselective membrane electrodes not only diminish the ohmic resistance 29 and enhance the behavior and selectivity, 30 but also in cases where the extraction capability is poor, increase the sensitivity of the membrane electrodes. 31 It is interesting to note that the use of neither OA nor STB alone can induce a perfect Nernstian behavior of the electrode, although the use of 15% OA (No.16) seem to be superior to that of 2% STB (No.10). However, the use of a mixture of both additives (i.e. 5% OA and 2% STB, No.12) will show a kind of synergestic effect in improving the emf response of the electrode to a nice Nernstian behavior. It should be noted that we have recently reported the first use of oleic acid as a very suitable lipophilic additive in inducing permselectivity to some PVC-based ion-selective electrodes. 8 The influence of the concentration of internal solution on the potential response of the Co 2+ ion-selective electrode was studied. It was found that the variation in the concentration of the internal solution from 1.0 × 10 -2 M to 1.0 × 10 -4 M does not cause any significant difference in the potential response of the electrodes, except for an expected change in the intercept of the resulting Nernstian plots. A 1.0 × 10 -3 M concentration of internal solution is quite appropriate for smooth functioning of the electrode system.
The optimum equilibration time for the sensor is 12 h when it is placed in a 1.0 × 10 -2 M CoCl2 solution. It then generates stable potentials when placed in contact with Co 2+ solutions. The critical response characteristic of the electrode was assessed according to IUPAC recommendation. 32 The emf response of the membrane at varying concentration of Co 2+ ion (Fig. 1) indicates a rectilinear range from 1.0 × 10 -6 -1.0 × 10 -2 M. The slopes of the calibration curves were 29.45 ± 0.5 mV per decade of Co 2+ concentration. The limit of detection, obtained from the intersection of the two extrapolated segments of the calibration graph, was 6.0 × 10 -7 M (36 ppb).
The average time required for the Co 2+ ion sensor to reach a potential within ±1 mV of the final equilibrium value after successive immersion of a series of cobalt(II) ion solutions, each having a 10-fold difference in concentration, was measured. The static response time of the membrane sensor thus obtained was <10 s for concentrations ≥1.0 × 10 -3 M (see Fig. 2 ) and <15 s for concentrations of ≥10 -6 M. It should be noted that the equilibrium potential remained constant for more than 6 min, after which only a slow divergence within the resolution of the potentiometer (±1 mV) was reported. The membrane electrode prepared could be used for at least 2 months (while keeping dry) without any measurable divergence. It should also be noted that the reuse of the dried electrode required further conditioning. The standard deviation of 10 replicate measurements is ±0.4 mV.
The influence of the pH of the test solution on the potential response of the sensor was tested in the pH range 2.0 -11.0 and 1051 ANALYTICAL SCIENCES SEPTEMBER 2001, VOL. 17 Fig. 3 . As seen, the membrane electrode can be suitably used in the pH range 3.5 -8.0. However, the observed changes below and above this pH range may be due to protonation of the L and formation of some hydroxy complexes of Co 2+ ion in solution, respectively. The potentiometric selectivity coefficients, which reflected the relative response of the membrane sensor for the primary ion over other ions, present insolution, is perhaps the most important characteristics of an ion-selective electrode. In this work, the potential responses of the proposed Co 2+ ion-selective sensor to thirteen common cations were investigated by the matched potential method (MPM). 33, 34 This is recently a recommended method by IUPAC 35 which gets rid of the limitations of the corresponding methods based on Nicolsky-Eisenmen equation for determining the potentiometric selectivity coefficient (including the fixed interference and the mixed solution methods). 36 These limitations include non-Nernstian behavior of interfering ions and an inequality of the charges of the primary and interfering ions. According to the MPM, the selectivity coefficient is defined as the activity ratio of the primary ion (A) and the interfering ion (B) that gives the same potential change in a reference solution. 33 Thus, first the change in potential upon changing the primary ion activity is measured, then the interfering ion would be added to an identical reference solution until the same potential change is obtained.
The selectivity coefficient K , is determined as
where ∆A = a′A -aA, aA is the initial primary ion activity and a′A the activity of A in the presence of interfering ion, aB. It should be noted that the concentration of Co 2+ used as primary ion in this study was 5.0 × 10 -5 M.
The resulting selectivity coefficient values thus obtained for the proposed Co 2+ sensor are given in Table 2 . As can be seen, for all cation used (except Ni 2+ ), the selectivity coefficients are smaller than 10 -2 , which seem to indicate that the disturbance produced by these cations in the functioning of the Co 2+ ionselective electrode is negligible. In Table 3 , the response characteristics of the proposed membrane sensor are compared with those of the best Co 2+ -selective electrode reported before. [2] [3] [4] [5] 7 From the data given in Table 3 , it is immediately obvious that not only the response time and detection limit of the proposed electrode, but also its selectivity coefficients, are superior to those reported for other cobalt ion-selective electrodes, especially for interfering ions such as Ni 2+ , Na + , Zn 2+ , Cd 2+ and Fe 3+ . [2] [3] [4] [5] [6] [7] The proposed Co 2+ membrane electrode was found to work well under laboratory conditions. It was applied to the titration of a Co 2+ ion solution with an EDTA solution; the resulting curve is shown in Fig. 4 . As can be seen, the amount of Co 
Conclusion
This work demonstrates that 9-t-butyl-3, 
